Introduction {#sec1}
============

Incidence of infection caused by drug resistance organism is increasing in hospital and other clinical care settings. Though antibiotic drug resistant microbes are distributed ubiquitous, however recent finding have demonstrated an exponential increase in ICU. Infections caused by these drug resistance organism are difficult to treat include challenges related to diagnosis and treatment and causes increased morbidity and mortality.[@bib1] ICU are the major source of creating, disseminating and amplifying these drug resistant organism[@bib2] where the selection pressures is highest for the emergence of resistance of drug-resistant pathogens[@bib3] due to increased use of antibiotics to treat infections in patients. In addition to this, ICU patients have an increased risk of infection due to their reduced host defense, delayed immune response, and use of multiple procedure and invasive devices such as mechanical ventilation, central venous catheterizations (CVC), and urinary tract catheterizations.[@bib4] In this era of antibiotic resistance, *Pseudomonas aeurogenosa* represents one of the most concerning pathogens involved in antibiotic resistance and as such, together with other highly important MDR pathogens including *E. coli, Klebsiella, Acinetobacter baumannii*, *Pseudomonas aeurogenosa* has been classified as an ESKAPE organism[@bib1] and responsible for wide range of ICU acquired infection in critically ill patients[@bib5] (see [Fig. 1](#fig1){ref-type="fig"}).Figure 1Proposed mechanism of antibiotic resistant in *P. aeruginosa*.Figure 1

Due to the presence of its innate resistance to many antibiotics and antiseptics, ability to acquire further resistance mechanism to multiple classes of antibiotics, ability to survive in moist environments, *P. aeruginosa* is a common pathogen in hospitals and particularly in intensive care units. It involves in various life threatening infection in ICU such as endocarditis and septicemia, urinary tract infections, cystitis, pneumonia, surgical wound infections. Various mechanism involve in drug resistance of *Pseudomonas*, in that innate resistance involve the presence of over expressed efflux pump, and its low permeability of outer membrane,[@bib6] whereas acquired resistance involve the acquisition of resistance gene or mutation in genes encoding porins, efflux pumps, penicillin-binding proteins, and chromosomal *β*-lactamase, all contributing to resistance to *β*-lactams, carbapenems, aminoglycosides, and fluoroquinolones.[@bib7] *Pseudomonas aeruginosa* remain known to acquired capacity to pose infection by manipulating host pathogen interactions. The antibiotics resistance *Pseudomonas aeruginosa* posed threat to next level by limiting efficacy of antibiotics approved for clinical uses. Often these mechanisms exist simultaneously, thus conferring combined resistance to many antibiotics,[@bib8] and thus the treatment option for these drug resistance *Pseudomonas*, are very limited. This review will focus on infection caused by *Pseudomonas aeruginosa,* its mechanisms of resistance, available treatment options (see [Table 1](#tbl1){ref-type="table"}, [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}).Table 1The list of antibiotics, classes and their mechanism.[@bib103]Table 1Antibiotic classMechanism of actionDrugPenicillinsBacterial cell wall synthesis inhibitionTicarcillinPenicillin/Beta-lactamase inhibitorBacterial cell wall synthesis inhibitionTicarcillin/Clavulanic acidPiperacillin/TazobactamCephalosporinsBacterial cell wall synthesis inhibitionCeftazidimeCefepimeMonobactamsBacterial cell wall synthesis inhibitionAztreonamCarbapenemsBacterial cell wall synthesis inhibitionImipenemMeropenemDoripenemFluoroquinolonesBlock of DNA synthesisCiprofloxacinLevofloxacinOfloxacinAminoglycosidesProtein synthesis inhibitionGentamycinTobramycinAmikacinTable 2Different combinations of antibiotics with enhanced activity against MDR *P. aeruginosa*.Table 2Antibiotic combinationReferenceCephalosporins, Quinolones[@bib109]Ceftazidime, Colistin[@bib109]Macrolides, Tobramycin, Trimethoprim, Rifampin[@bib109]Fosfomycin, colistin[@bib110]Meropenem, levofloxacin[@bib110]Colistin, ceftazidime\
Colistin, ciprofloxacin[@bib110]Ceftolozane + tazobactam, tobramycin\
Ceftolozane + tazobactam, amikacin[@bib111]Imipenem, tigecycline, amikacin\
Tigecycline, amikacin, cefepime\
Imipenem, amikacin, cefepime[@bib112]Table 3Table demonstrates pattern of drug resistance and virulence factors associated in *P. aeruginosa*.[@bib120]Table 3S NoPattern of Drug ResistanceVirulence factors1Biofilm formationProteases2Quorum SensingHemolysins3Horizontal Gene TransferEndotoxin A4Enzyme PromiscuityExoenzyme S5Increased virulence CapacityPyocyanin6Enhanced motilityAdhesins

Microbiology {#sec2}
============

*Pseudomonas aeruginosa* is a member of the genus Pseudomonas, colloquially called the pseudomonads. *P. aeruginosa* is a gram-negative aerobic bacterium, motile, non-spore forming rods, oxidase positive and lactose non fermenters. Due to the production of water soluble pigments such as pyoverdine which is a yellow-green, fluorescent pigment, and pyocyanin that is a blue-green pigment it is easily detectable on agar.[@bib9], [@bib10] *P. aeruginosa* found in soil and water ecosystem and also associated with infection of plants, animal and humans.[@bib11]. Human colonization begins within the gastrointestinal tract, with subsequent spread to moist cutaneous sites such as the perineum and axilla. As a group, pseudomonads have minimal nutritional requirements for its growth and can utilize a wide variety of environmental sources for nutrition; *P. aeruginosa* often only needs acetate and ammonia as the source of carbon and nitrogen, respectively. In addition *Pseudomonas aeruginosa* can grow anaerobically, and does not carry out fermentation, rather obtaining energy from the oxidation of sugars. This minimal nutritional requirement allow it to grow in marginal environments such as dry surfaces of hospital operating rooms, hospital rooms, clinics, and medical equipment as well as sinks, showers, even contaminating distilled water[@bib12] and thus proven as important source of nosocomial infection. In a report conducting in Portugal hospital environment were evaluated for the presence *Pseudomonas* and found high level contamination which could increase the risk of transmission of infection.[@bib13]

Epidemiology {#sec3}
============

*Pseudomonas aeruginosa*, first isolated in 1882 by Gessard from green pus. The ubiquitous life-style of *P. aeruginosa* allows this bacterium to contribute to frequent infections in humans. It may be found as part of normal intestinal flora; however it is not well adhere to normal intact epithelium. Therefore, it does not cause infection in healthy individuals[@bib14] but an opportunistic pathogen in immune compromised patients. Due to its adaptable nature and high surviving ability it can survive on dry inanimate surfaces of hospital environment from 6 h to 6 month[@bib15] and frequently contaminated the healthcare equipment and surfaces such as., monitors, ventilator buttons, bedrails, respiratory equipment, dialysis tubing. *P. aeruginosa* shows inherent and acquired resistance too many common antimicrobial agents,[@bib16] it can also be cultured from hand creams,[@bib17] and certain cleaning solutions and can also survive in some antiseptic solutions used to disinfect endoscopes and surgical instruments.[@bib18], [@bib19], [@bib20]

*Pseudomonas aeruginosa* is involved in a variety of hospital acquired infections ranging from ventilator associated pneumonia, to blood stream infection. It is the fourth most commonly-isolated nosocomial pathogen accounting for 10% of all hospital-acquired infections and second most common cause of pneumonia and the third most common gram-negative cause of blood stream infection (BSI).[@bib21] In a recent analysis of 8247 inpatient with nosocomial infections in different tertiary care hospital of Greece, 746 patients with an active HAI were identified and *P. aeruginosa* was the second most frequently isolated (16%) bacteria and accounted for 49.4% of resistance towards penem group of antibiotics.[@bib22] *Pseudomonas aeruginosa* have been associated with increased mortality in blood stream infection compare to infection with other gram positive organism.[@bib23]

Nosocomial infection caused by *Pseudomonas aeruginosa* {#sec4}
=======================================================

Hospital acquired pneumonia {#sec4.1}
---------------------------

Hospital acquired pneumonia is the most common life-threatening hospital acquired infection, and the majority of the cases are associated with mechanical ventilation. It is the second most common nosocomial infection in the intensive care unit (ICU) and the most common in mechanically ventilated patients.[@bib24], [@bib25] Ventilator associated pneumonia occurs in approximately 10--20% of patients who are on ventilators for longer than 48 h and is associated with significant increases in length of hospital stay, mortality, and costs.[@bib26], [@bib27] The microbiologic flora responsible for VAP usually depends on the duration of mechanical ventilation. In general, early onset of VAP is associated with pathogens that are sensitive to antibiotics, VAP include *Streptococcus pneumoniae* (as well as other streptococcus species), *Hemophilus influenzae*, methicillin-sensitive *Staphylococcus aureus* (MSSA), antibiotic-sensitive enteric gram-negative bacilli, *Escherichia coli*, *Klebsiella pneumonia*, *Enterobacter* species, *Proteus* species and *Serratia marcescens*, are associated with early onset of VAP whereas multi-drug resistant bacteria, such as methicillin-resistant *S. aureus* (MRSA), *Acinetobacter*, *Pseudomonas aeruginosa*, and extended-spectrum beta-lactamase producing bacteria (ESBL)[@bib28] are associated with late onset of VAP and are more difficult to treat. VAP caused by *Pseudomonas aeruginosa* has been associated with higher case fatality rates than that by other bacteria.[@bib29] Tracheobronchial colonization is one of the most important factors for VAP and the predominant organisms responsible for infection are *Staphylococcus aureus, P. aeruginosa*, and *Enterobacteriaceae.* Large quantities of *P. aeruginosa* in the trachea of ventilated patients are associated with an increased risk of death.[@bib30] The effectiveness of *Pseudomonas aeruginosa* in posing infections incapable to combat with conventional antibiotics/single drug is mainly due to complex gene/s involve in drug resistance. These gene/s are either present as separate extrachromosomal DNA i.e. plasmid and or integrated into bacterial genome.

Several studies have demonstrated that about 3--5% of nosocomial pneumonia is caused by *Pseudomonas* spp. Ranjan et al,[@bib31] showed that *Pseudomonas* account for 25.7%--38% of total gram negative isolates of VAP. Similar trends were observed in other study with percentage of occurrence of 38% of total bacterial isolates of VAP in tertiary care hospital.[@bib32] *P. aeruginosa* along with *Staphylococcus aureus* is one of the most common bacteria causing VAP, with a prevalence of approximately 4%,[@bib33] and its attributable mortality is as high as 13.5%, even with adequate antibiotic treatment.[@bib34] *P. aeruginosa* is among the three top microorganisms causing health care respiratory infection and is now resistant to multiple class of drug[@bib35] and, even associated with early-onset of VAP. Infection by MDR *P. aeruginosa* compared with susceptible strain, increase risk of mortality up to tow fold with the excess of 12%.[@bib36] Various Risk factors are associated with VAP for *P. aeruginosa* are mainly prior antibiotic exposure and MV longer than 5 days.[@bib37], [@bib38], [@bib39] Patients with chronic diseases such as obstructive pulmonary disease and other chronic respiratory diseases may carry endogenous colonization and are at higher risk of developing a severe respiratory infection following intubation and MV. Various studies report an increased incidence of *Pseudomonas* infections in patients with immunosuppression (e.g. hematologic malignancies) or chronic diseases like cystic fibrosis.[@bib40], [@bib41]

Urinary tract infections {#sec4.2}
------------------------

Urinary tract infections is one of the leading causes of nosocomial infections accounting for between 20 and 49% of all nosocomial infection[@bib42], [@bib43] and about--10% of urinary tract infections are caused by *Pseudomonas aeruginosa*. These infections caused by *P. aeruginosa* are usually occur secondary to catheterization, instrumentation of urinary system or surgery,[@bib44] Outcomes of UTI ranges from patient discomfort, pyelonephritis, morbidity and, in rare cases, death. Pathogens use catheters as a source of host entry,[@bib45], [@bib46], [@bib47] because the insertion of the catheter may causes disruption of mucosal epithelial layers, promoting bacterial colonization.[@bib44], [@bib48] In UTI *Pseudomonas aeruginosa* is key uropathogen with high prevalence in reported cases worldwide.

Blood stream infections {#sec4.3}
-----------------------

Blood stream infection is a serious life threatening condition and an important cause of increased morbidity and mortality. Incidence of BSI caused by *pseudomonas* is increasing. Studies associated with risk factor for *P. aeruginosa* with BSI are very few. Various study documented different source of infection for BSI with *Pseudomonas*. Marra et al,[@bib49] found that the most frequent sources of BSI were the respiratory tract and central venous catheters. Immuno compromised patients in ICU are at the high risk of BSI associated with Pseudomonas. In a case control study performed by[@bib50] found that risk factor BSI with *Pseudomonas* is the presence of lung cancer and previous antimicrobial therapy. Other risk factor including septic shock, pneumonia, having severe underlying disease, inappropriate empirical therapy, delayed antimicrobial therapy and multiple drug resistance.[@bib51]

Antibiotic resistance in *P. aeruginosa* {#sec5}
========================================

A general definition of antimicrobial resistance is the ability of an organism to resist the action of an antimicrobial agent to which it was previously susceptible.[@bib52] Nosocomial infection caused by antibiotic resistant *P. aeruginosa*, have emerged as major concern in clinical care settings as the increasing development of MDR strains (i.e. resistance to at least three antibiotics).[@bib53] *P. aeruginosa* exhibits intrinsic resistance to various antimicrobial agents (β-lactam and penem group of antibiotics) because of its outer membrane with low permeability (1/100 of the permeability of *E. coli* outer membrane.[@bib54], [@bib55] Although some other mechanisms are also responsible for their intrinsic resistance including, efflux system which expel antibiotic out of the bacterial the cell,[@bib56], [@bib57], [@bib58] and production of antibiotic inactivating enzyme. However, this bacterium is a highly diverse pathogen that is capable of adaptation to the surrounding environment. When subjected to antibiotic selective pressure, the induced response facilitates bacterial survival and develops antibiotic resistance.[@bib59] The emergence of antibiotic resistance has been reported during host colonization of CF patients, whereby *P. aeruginosa* strains develop and acquire resistance during antimicrobial therapy.[@bib60] Studies have reported a strong correlation between increased uses of ciprofloxacin with increased prevalence of ciprofloxacin resistant strains.[@bib36] Therefore, another factor associated with the increase in MDR-*P. Aeruginosa* is due to the frequent use of antimicrobial agents. This acquired resistance is may be due to the consequences of mutational event or the acquisition of resistance gene through horizontal gene transfer and can occur during the antibiotic therapy[@bib61] mutational event may lead to over expression of endogenous beta lactamases or efflux pump, expression of specific porins.

Resistance to beta lactam {#sec6}
=========================

Beta lactam antibiotics involve in the inhibition of synthesis of bacterial peptidoglycan cell wall.[@bib53] This class includes penicillin, cephalosporin, carbapenem and monobactam. Among these group, piperacillin and ticarcillin (penicillins), ceftazidime (3rd generation cephalosporin), cefepime (4th generation cephalosporin), aztreonam (monobactam), imipenem, meropenem and doripenem (carbapenems) are most effective beta lactam that are commonly used in the treatment of *Pseudomonas aeruginosa*.[@bib62] Resistance to the β-lactam mediated by the action of β-lactamases, these enzymes destroy the amide bond of the β-lactam ring, causes the antimicrobial to be ineffective. This inactivation of drug is may be due to expression of endogenous β-lactamases or through the expression of acquired beta lactamases. Hundreds of β-lactamases have been identified till date and they are characterizing as their substrate specificity. On the basis of Amber\'s molecular classification system there are four major classes of beta-lactamases have been identified in *P. aeruginosa*: A-D.[@bib63] Classes A, C and D inactivate the β-lactams through the catalytic activity of serine-residue, whereas class B or metallo- β-lactamases (MBLs) need zinc for their action.[@bib64]

AmpC beta lactamase (Cephelosporinase) {#sec7}
======================================

Furthermore, production of endogenous beta lactamase such as AmpC beta lactamase (chromosomal cephalosporinase). In *P. aeruginosa* can be induced by a number of beta lactams such as benzyl penicillin, narrow spectrum cephalosporin and imipenem. *P. aeruginosa* is naturally susceptible to carboxypenicillins, ceftazidime and aztreonam but it can acquire resistance through a gene mutation which leads to cause hyper production of AmpC beta-lactamase[@bib65], [@bib66] *P. aeruginosa* produces an inducible chromosome-encoded AmpC beta-lactamase (cephalosporinase) that belongs to molecular class C, based on Ambler and the first functional group according to Bush et al,.[@bib67] Usually the enzyme is produced in low quantities ('low-level' expression) and determines resistance to aminopenicillins and most of the early cephalosporins.[@bib68]

However, chromosomal cephalosporin\'s production in *P. aeruginosa* may increase from 100 to 1000 times in the presence of inducing beta-lactams (especially imipenem).[@bib69] AmpC cephalosporinase activity is not inhibited by beta-lactamase inhibitors used in clinical practice, for example clavulanic acid, sulbactam and tazobactam.[@bib70] AmpC beta-lactamase is encoded by the *ampC* gene.[@bib71] Several genes are involved in induction of *ampC* gene including *ampR, ampG* and ampD (75). *ampR*, encodes a positive transcriptional regulator, this regulator is necessary for the beta-lactamase induction.[@bib71] The second gene involve is *ampG,* encodes a transmembrane protein that acts as a permease for 1,6-anhydromurapeptides, which are considered to be the signal molecules involved in *ampC* induction.[@bib72] The third gene, *ampD,* encodes a cytosolic N-acetyl-anhydromuramyl-[l]{.smallcaps}-alanine amidase, which hydrolyses 1,6-anhydromurapeptides, acting as a repressor of *ampC* expression.[@bib73] The fourth gene, *ampE*, encodes a cytoplasmic membrane protein that act as a sensory transducer molecule necessary for induction.[@bib74] Activity of these AmpC beta lactamase is not inhibited by commercially available beta lactum except avibactam.

Class A carbenicillin hydrolysing b-lactamases {#sec8}
==============================================

Four carbenicillin hydrolyzing beta-lactamases enzyme (PSE-of *Pseudomonas* specific enzyme) were identified in *P. aeruginosa*: PSE-1 (CARB-2), PSE-4 (CARB-1), CARB-3 and CARB-4.[@bib75] These enzymes belong to the group of molecular class A of β-lactamases and their substrate profile includes carboxypenicillins, ureidopenicillins and cefsulodine. These enzymes belong to molecular class A and functional group 2c.[@bib76] Activity of these beta lactamase can be inhibited by commercially available beta lactam inhibitor such as clavulanic acid, tazobactam and sulbactam.[@bib77]

Resistance to aminoglycoside {#sec9}
============================

Aminoglycosides are the inhibitor of microbial protein synthesis and act by binding to the bacterial 30S ribosomal subunit and interferes with initiation of protein synthesis. In *Pseudomonas* resistance to aminoglycosides is mediated by transferable aminoglycoside modifying enzymes (AMEs), low outer membrane permeability, active efflux and, rarely target modification.[@bib78], [@bib79], [@bib80]

Aminoglycoside-modifying enzymes {#sec10}
================================

AMEs inactivate the aminoglycoside by attaching a phosphate, adenyl or acetyl radical of the antibiotic molecule, and thus modified antibiotics have the decrease the binding affinity to its target in the bacterial cell (30S ribosomal subunit).[@bib81], [@bib82] There are three class of AMEs involve in aminoglycoside modification: aminoglycoside phosphoryl transferases (APHs), aminoglycoside adenylyl transferases (also known as nucleotidyltransferases) (AADs or ANTs) and aminoglycoside acetyltransferases (AACs) (101). Most frequently *P. aeruginosa* expresses the following AMEs: AAC (69)---II (determines resistance to gentamicin, tobramycin and netilmicin), AAC (3)---I (resistance to gentamicin), AAC (3)---II (resistance to gentamicin, tobramycin and netilmicin), 69)---I (resistance to tobramycin, netilmicin and amikacin) and ANT (29)-I (resistance to gentamicin and tobramycin).[@bib83]

Low outer membrane permeability {#sec11}
===============================

Resistance to aminoglycosides independent from AMEs has been reported in clinical isolates of cystic fibrosis patients. This type of resistance is attributable due to reduced uptake through the decrease permeability of outer membrane and is typically referred to as impermeability resistance.[@bib84]

Efflux systems {#sec12}
==============

*P. aeruginosa* expresses several efflux pumps that expel drugs together with other substances out of the bacterial cell. Efflux mediated aminoglycoside resistance is relatively rare and mostly due to the over expression of the MexXY-OprM efflux pump.

Target modification {#sec13}
===================

Bacteria may be resistant to aminoglycoside because of low affinity of the drug for the bacterial ribosome. This may be accomplished by target modification through Methylation of 16S rRNA. Different 16S rRNA methylases have been described for *P. aeruginosa*: RmtA, firstly reported in clinical isolates of aminoglycoside resistant *Pseudomonas aeruginosa* and confer resistance to all parenterally administered aminoglycosides, including amikacin, tobramycin, isepamicin, kanamycin, arbekacin and gentamicin,[@bib85] other 16S rRNA methylases including RmtB, ArmA (29)and RmtD.

Resistance to fluoroquinolones {#sec14}
==============================

Resistance to fluoroquinolones develops via mutation in bacterial chromosomal gene encoding DNA gyrase or topoisomerase 1 V or by active transport of drug out of cell.[@bib86] Mutation for the topoisomerase 1 V may occur in *gyrA/gyrB* genes within the QRDR (quinolone-resistant-determinative region) motif, which is considered as the enzyme\'s active site. This leads to the altered amino acid sequences of A and B subunit, and hence a modified topoisomerase II with low binding affinity to quinolone molecules. Modifications of a secondary target (topoisomerase IV) occur as a result of point mutations in *parC* and *parE* genes encoding *ParC* and *ParE* enzyme subunits, respectively. Other mode for fluoroquinolone resistance in *Pseudomonas* involve the over expression of efflux. Mutations in *nalB, nfxB* and *nfxC* gene leading, to overexpression of fallowing efflux MexA--MexB--OprM, MexC--MexD--OprJ and MexE--MexF--OprN.[@bib87]

Treatment options for MDR *Pseudomonas aeruginosa* {#sec15}
==================================================

The treatment options entirely depend on nature of antibiotic drug resistance and gene/s involved in drug resistance. *P. aeruginosa* has a broad range of intrinsic and adaptive antimicrobial resistance mechanisms. *P. aeruginosa* encodes an chromosomal AmpC beta-lactamase (which confer resistance to many penicillins and cephalosporins), has an outer membrane porin, OprD which can be variably expressed (loss of which confers resistance to carbapenems), and have some drug efflux pumps such as MexAB-OprM (which expel some class of antibiotics out of the cell); all these mechanism are inducible, and regulation is mediated by the environment encountered by the organism.[@bib88] The conventional antibiotics including beta lactum and similar narrow spectrum antibiotics seem ineffective as *Pseudomonas aeruginosa* is capable to degrade ring responsible to deliver activity. Despite the intrinsic resistance of *P. aeruginosa* to many antimicrobials, some antibiotics are active against this microorganism and are belong to the class of Beta-lactams, Quinolones, and Aminoglycosides.[@bib89]

In addition *P. aeruginosa* can import further resistance mechanisms, which acquired through horizontal gene transfer and make it resistance to different anti-pseudomonal compounds and thus very few options are available for the testament of severe nosocomial *pseudomonas* infection, particularly in patients confined to ICUs. Colistin and polymyxin B may be effective alternative agents for treatment of multi-drug-resistant *Pseudomonas aeruginosa P. aeruginosa* binds to lipopolysaccharides and phospholipids in the outer cell membrane of gram-negative bacteria. It competitively displaces divalent cations from the phosphate groups of membrane lipids, which leads to disruption of the outer cell membrane, leakage of intracellular contents, and bacterial death.[@bib90], [@bib91], [@bib92] Memer et al conducted a study to find out the role of colistin for treating the Multidrug resistant *Pseudomonas* and found effectiveness of the colistin is higher than another beta lactam drugs.[@bib93] Combination of colistin with an anti-*pseudomonas* agent such as imipenem, piperacillin, aztreonam, ceftazidime, azlocillin, rifampin or ciprofloxacin was more efficient than only colistin against MDR *P. aeruginosa*.[@bib94], [@bib95], [@bib96] However, increasing administration of colistin for antibiotic therapy of infections by MDR organisms may lead to the emergence of colistin-resistant strains in some countries.[@bib97] But they remain to date relatively rare for *Pseudomonas aeruginosa*.[@bib98]

Fosfomycin, is an another option for the treatment of MDR *Pseudomonas aeruginosa*. It inactivates pyruvil-transferase enzyme, which is required for the synthesis of the cell wall peptidoglycan. In systematic review of different study, fosfomycin were found to effective against 90% of MDR *P. aeruginosa* including MDR strains.[@bib99] In a prospective observational study 375 of 385 (97.4%) *Pseudomonas* spp were found susceptible to fosfomycin.[@bib100] Fosfomycin together with aminoglycosides, cephalosporin\'s and penicillin\'s, ceftazidime, gentamicin, imipenem, and levofloxacin, ciprofloxacin, have been used for the better result for the treatment of drug resistance *Pseudomonas aeruginosa*.[@bib99], [@bib101] As far as newer carbapenem compounds are concerned, data suggest that doripenem and Tigecycline is not option for treatment of MDR *P. aeruginosa*. Furthermore, time-kill studies on 12 MBL-producing *P. aeruginosa* isolates performed with combinations of piperacillin-tazobactam with levofloxacin and cefoperazone-sulbactam with levofloxacin, aztreonam alone and in combination with ceftazidime and amikacin, showed bactericidal activity against one and eight isolates respectively.[@bib102]

Combination therapy {#sec16}
===================

The application of combination therapy instead of monotherapy in cases of non-MDR *P. aeruginosa* remains to date a controversial issue.[@bib104] Combination treatment against MDR strains instead seems to be some times necessary (for example in cases of pan-resistance or resistance to all except a single agent). Frequently used combinations include a β-lactam plus an aminoglycoside group of antibiotics.[@bib105] Both of these drugs have different bacterial targets and modes of entry into the bacterial cell, thus having enhanced antimicrobial activity. There are different advantages of using combination therapy over monotherapy including: an increased likelihood that the infecting pathogen will be susceptible to at least one of the antimicrobials, combination therapy allows for different mechanisms of bacterial killing, prevention of emergence of resistance, and additive or even synergistic effect of the combination. Several old and newer studies have showed that different combinations of antibiotics have enhanced *in vitro* activity against MDR *Pseudomonas aeruginosa* even though; the mechanisms of positive interaction between the various agents are rarely known.[@bib106] In a retrospective cohort study of consecutive patients with *Pseudomonas aeruginosa* bacteremia, combination therapy was found to be significantly better than monotherapy in improving outcome in terms of decreasing mortality.[@bib107], [@bib108]

Challenges {#sec17}
==========

The growing challenge in context with Antimicrobial Drug Resistance is microbial capacity to acquire genomic plasticity.[@bib113] The constant changing of microbial genome is bigger threat than infection itself. There are several mechanism microbes utilize to alter their genome such as horizontal gene transfer, transposon mediated genomic alterations and promiscuous nature of gene and genomic products. The promiscuity is another concept recently studied gives an idea how a single gene product such as protein/enzyme create a favorable environment for microbes.[@bib27], [@bib114] As a result microbes need not to carry multiple gene/s and by rearranging within limited genome can survive in hearse conditions. Now, if we consider antibiotic drug resistance, bacteria genome is capable to encode enzyme which can destroy multiple substrate by developing affinity against them. Here, promiscuity in enzyme encoded by bacterial genome allow microbe to nullify bactericidal effect of several antibiotics more precisely several generation of a class of antibiotic. Beta lactamase and extended beta lactamase are classical example to understand enzyme promiscuity. The concept of promiscuity is well established in the context of biophysical aspect for multisubstrate affinity of single enzyme and capacity to deliver multiple functions.[@bib115], [@bib116], [@bib117], [@bib118] Both the enzyme encoded by most of resistant microbial species including *P. aeruginosa* selectively target beta-lactam antibiotics including penicillin and cephalosporins. The growing evidence of promiscuous nature of beta lactamase will allow enzyme to develop affinity for new generation beta lactum antibiotics and bacteria need not to have additional genes for new generation antibiotics.

ICU and infections {#sec18}
==================

ICUs are believed major source of microbial infections and become major threat. The rate of nosocomial infections in the intensive care unit (ICU) is about 2--5 times higher than in the general in-patient hospital population. It has been observed that ICUs are potential source of both gram positive and gram negative pathogens associated with variety of human disease.[@bib119] These contagious pathogens are not only limited to acute infections but also leads to chronic lethal disease. The studies have demonstrated *P. aeruginosa* is major pathogen in ICU followed by *E. coli*, *Enterobacter, Staphylococcus, Enterococci* and *K. pneumonia*. Another finding demonstrated that these contagious infections present in pediatric intensive care unit as well.[@bib120], [@bib121] The infectious agents present in ICU are more than 50% are largely gram negative microbes. It has been reported that ICU-acquired infections and extended- (XDR) or multi-drug resistant (MDR) strains are increasingly the ones isolated, including carbapenemase-producing *Klebsiella pneumoniae* (KPC), *Acinetobacter* spp. and *Pseudomonas aeruginosa.* These infections are responsible for high ICU mortality which further increased due to XDR/MDR bacteria.[@bib122] In the ICU based infection *Pseudomonas aeruginosa alone represent more than 30% contagious* infection. In recent time, ICU based infection and associated diseases are major threat for modern healthcare and associated with high mortality rate. Among ICU infection the major diseases are respiratory, catheter-related bacteremia, non-catheter related bacteremia, secondary peritonitis, surgical wound infections and a few urinary tract infections.[@bib123], [@bib124]

Conclusion {#sec19}
==========

Hospitals and healthcare settings are proven as reservoirs for large numbers of pathogenic strains of *Pseudomonas aeruginosa* and it has been proven as an important nosocomial pathogen because of presence of intrinsic mechanism of resistance to many class of antibiotics as well as its ability to acquire resistance (via mutations) against all relevant treatments. Multidrug resistance (MDR) is common and increasing. Occurrence of these MDR strain in clinical care settings makes them difficult and expensive to treat because these drug resistant strain are exhibit resistance to essentially all reliable antipseudomonal antibiotics. Improved methods for antimicrobial susceptibility testing should be implemented for early detection of drug resistance *Pseudomonas aeruginosa.* It is also essential to understand pattern of drug resistance and mechanism behind. There is growing scientific evidence that microbe utilize several mechanism to acquire antibiotic drug resistance mainly horizontal gene transfer and biofilm formation. Further, promiscuous nature of enzyme encoded by microbe genome and quorum sensing are additional tool microbes\' use to survive in hearse conditions. The available clinical solution for antibiotic resistance *Pseudomonas aeruginosa* infections require a precise diagnostic and combination antibiotic therapy based on diagnostics. Several infections which are recurrent need additional care to stop proliferation of antibiotic resistance *Pseudomonas aeruginosa* in order to contaminate surrounding environment. These microbes precisely antibiotic drug resistance *Pseudomonas aeruginosa* and many more are potential source for gene transfer to non pathogenic microbes. Clinical studies are required to identify risk factors for the development MDR, and also determine the most effective antimicrobial regimens and duration of therapy for successful treatment of severe infections due to drug resistant *P. aeruginosa.*
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